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(54) Fibre optic communication system for use in hazardous environments 



(57) A fibre optic communication system for communication between a main station and .a remote station includes a 
downlink for communication from the main station to the remote station and an uplink to enable to remote station to 
communicate with the main station. The downlink includes one or more optical sources (12) at the main station to provide 
one or more light beams (1 1 ) which are modulated to carry a signal which is then transmitted to the remote station and 
displayed. The uplink is formed by modulation at the remote station of a light beam (2) transmitted from a source (24) at the 
main station, along an optical fibre (25), to the remote station. The modulated beam is transmitted back to the main station 
and decoded by comparison with unmodulated beam. The communication system has zero or very low magnetic and 
electrical signatures at the remote station. 
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Fibre optic rnmrnmication system for use In Hazardous Environments 

The invention relates to fibre optic communication systems for use 
particularly/ but not exclusively/ for camunication between a main, station 
and a remote station where it is 'desirable for there to be no electrical or 
magnetic signals at the renote station. Such situations include the 
communication between a surface ship and a diver or between a control station 
and a person in a hazardous environment. 

Fibre optic caimunication systems are well known but in all cases 
electrical signals are involved in converting acoustic signals to optical 
signals and vice versa. Biere are* however/ some situations where for safety 
or other reasons/ there is a requirement for a coimnunication system with no 
electrical or magnetic signals within a particular area. In potentially 
explosive atmospheres the major requirement may be the elimination of the 
possibility of an electrical spark occuring/ while in other situations/ such 
as in the presence of underwater mines/ the prime objective may be the 
elimination of any magnetic signature. For secure speech it is desirable to 
eliminate any signals that can be intercepted and decoded. 

The object of the invention, is to provide a system for comnunicating 
between a main station and a remote station in which any electrical and 
magnetic signals at the remote station are minimised and in which the 
possibility of an electrical spark occurring is eliminated. 

The invention provides a two-way optical communications system 
including: 

a) a downlink for transmission from a main station to a remote 
station; and 

b) an uplink for transmission from the remote station to the main 
station; 

wherein the downlink comprises at least one optical source at the 
main station to provide a light beam/ means to modulate the light beam with a 
signal/ an optical fibre for transmission of each modulated light beam from 
the main station to the remote station/ and means to display the signal 
carried by the light beam at the remote station; and 

the uplink comprises at least one light source at the main station for 
providing a light beam/ an optical fibre for transmission of the light beam 
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from the main station to the remote station? modulation means at the remote 
station consisting of transducer means responsive to an acoustic signal for 
modulating the light beam/ means to transmit the modulated light beam via the 
same or a second optical fibre back to the main station/ signal processing 
means at the main station to compare the modulated light beam with the 
unmodulated light beam and to decode the signal carried by the modulated 
light/ and means to display the signal. 

The uplink and downlink light beams may be provided by. the same or 
different optical sources. 

The uplink and downlink optical sources/ the downlink modulation 
means and the main station signal processing and display means ccnprise a main 
station transceiver unit. The remote station display means and modulation 
means together comprise a remote station transceiver unit. 

Preferably the means to display the uplink signal at the main station 
comprises means to reproduce the signal acoustically or in some other 
suitable form. Thus speech at the remote station can be understood at the 
main station. 

Pref erably the transducer means at the. remote station comprises. an 
optical microphone; The arrangement is such that when a person at the. 
remote station speaks/ the microphone modulates the unmodulated light beam 
received from the main station and the modulated light beam is' transmitted 
back to the transceiver unit at the main station. The transceiver unit at 
the main station then compares the modulated, and unmodulated light and 
processes the optical signal/ decoding it and. reproducing it acoustically. 

Advantageously the source of the unmodulated light is a laser. 
Preferably there is provided means to produce a collimated beam of laser 
illumination. Conveniently a laser diode is used as the light source. 

Preferably the optical microphone comprises a light-intensity 
modulating diaphragm arranged such that the unmodulated input light beam is 
focussed in the plane of the diaphragm by a lens. The diaphragm is 
reflective and is preferably silvered. An acoustic signal causes pressure 
changes at the diaphragm which cause it to move. Any movement of the 
diaphragm shifts it away from the focal point of the input light beam/ thus 
causing changes in the intensity of the-light reflected from the diaphagm as 
it is moved out of focus. These changes modulate the reflected light beam 
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which is then transmitted back to the main station. Ihe modulation is a 
function of the position of the diaphragm relative to the point of focus of the 
input light beam. 

" The intensity modulated light beam transmitted back to the main 
station is focussed on a light sensitive detector. Bie output signal from 
the light sensitive detector is connected to one input of a comparator and a 
signal representative of the intensity of the unmodulated light beam is 
connected to the second input of the comparator/ such that the output f ran the 
comparator is a direct analogue of the acoustic signal. 

Advantageously the unmodulated beam of light is split by a beam 
splitter and one part of the beam is then modulated by the acoustic signal/ the 
other part acting as a reference signal. Hie modulated beam can then be 
conpared to the unmodulated beam and the acoustic signal can be derived from 
the optical signal. 

The beam splitter may be either in the main transceiver unit or in the 
remote microphone unit. In the preferred arrangement the beam splitter is 
contained in the main transceiver unit. In this arrangement a single/ 
common fibre may be used to transmit the laser light to the remote station and 
to return the intensity modulated light which is reflected from the diaphragm 
back to the main station. 

Alternatively the microphone includes two optical fibres placed end 
to end and arranged such that changes in the alignment of the fibres modulate 
the optical signal.. 

Hie downlink preferably includes ah opto-acoustic transducer at the 
remote station to convert the modulated optical signal sent from the main 
station into sound so that speech f rom the main station can be heard at the 
remote station. A possible opto-acoustic transducer is a simple photqphone 
earpiece. 

Where it is difficult to hear the output of an opto-acoustic 
transducer at the remote station as in a very noisy environment/ downlink 
cdmunication other than by voice can be used. In some cases it may be 
advantageous to use a simple signalling system of lights instead of an 
acoustic system. Such a signalling system advantageously comprises one or 
more light sources at the main transceiver unit each connected via respective 
optical fibre cables to the remote station. If more than one light source is 
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used/ they are preferably of different colours, in one convenient foray , 
there are three light sources: one green/ one yellow and one red. 
Advantageously information is transmitted to the remote station in the form 
of colour coded light signals/ singly or in combination. For improved 
recognition the lights are preferably flashed on change of contoination. 

Advantageously a mechanical shutter is used to set the required light 
signal combination in the main station transceiver unit. Alternatively 
electronic switching of the coloured light sources is possible. External 
electronic controls may also be used to flash the light output on change of 
combination. Preferably a check of the lights being transmitted is 
included. This check of the transmitted signal may be made using a beam 
splitter to reflect sane of the transmitted light onto a dif fuser which can be 
viewed by the operator. 

The signal displayed at the remote station may be in the form. of a 
^X.dj^bfc -i#|jaEQLa3f^ unit .-wfaece- the lights, preferably show up on small/ easily 
visible displays. 

Conveniently the fibre is ferrule terminated at the remote station 
and the transmitted light is transnitted through and internally reflected 
onto the diffuse face of a right angled prism. This configuration of the unit 
at the remote station occupies only a very small space. 

Preferably super luminescent LEDs provide the sources of light. 
Each source is advantageously colllmated by an aspheric condensing lens and 
focussed into the corresponding output fibre by means of an achromatic lens. 

The ferrule terminations of the fibre optics carrying the respective 
light signals are fixed into position at the remote station such that each 
fibre end is adjacent to a side face of a 90° prism of which the other right 
angled face has a lightly diffusing finish. Light emitted from each fibre 
is internally reflected f ran the hypotenuse face onto the diffuse surface. 

An alternative system uses an qpto-electrical-acoustic earphone to 
convert optical signals to sound. The sound from such a system can be heard 
even if the environment at the remote station is noisy. These earphones 
have very low electrical and magnetic signals and can thus, be used at the 
remote station where it is necessary only to eliminate electrical sparking 
and/or high electrical signals. This system is not however suitable for use 
with mines/ where the magnetic signature must be as near to zero as possible. 
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A further possibility for conversion of the optical signal to sound 
at the remote station is the use of opto-acoustic induction in helium. This 
could be used in underwater diving applications where helium is used. 

Preferably the system configuration is such that the downlink and 
uplink light beams are transmitted to and from the remote station by means of a 
fibre optic cable having an appropriate number of qptical fibres at its core, 
Ofcis cable could be up to several kilometres long before losses of the signal 
become such that signal boosting is necessary. 

In order that the invention may be more fully understood one 
enbodiment thereof will now be described* by way of example only* with 
reference to the acconpanying drawings of which: 

Figure 1 shows the basic elements of a communication uplink for a 
communication system according to the invention; 
Figure 2 shows conparative voltage outputs at points in the 
communication uplink shown in Figure 1 for an acoustic signal input; 
Figure 3 shows the basic elements of a single channel of a 
cciriunication downlink for the communication system? and 
Figure'4 is a schematic block diagram of the configuration of the 
ccmnunication system incorporating the uplink of Figure 1 and the 
downlink of Figure 3. 

Figure 1 shows the basic elements of a communication uplink according 
to the invention including an optical microphone 1. An input beam of light 
2/ consisting of a narrow coll ima ted beam of laser illumination* is passed 
through a 50/50 beam splitting cube 3 and part of the beam 2a is transmitted 
via an optical fibre (not shown) to the remote station. Here it is focus sed 
in the plane of the microphone diaphragm 1 at 4 by means of a lens 5. Light 
reflected from the surface of the diaphragm 1 is collected by the lens 5 and 
transmitted back to the beam splitter 3 at the main station where it is 
reflected to a second lens 6 which focusses it in the plane of a light 
sensitive detector 7. Ihe intensity of the light at this point is a function 
. of the position of the diaphragm 1 relative to the point of focus 4 of the input 
beam 2. The diaphragm must be set up very accurately at the focal point of 
the light to max liaise the intensity changes of the reflected light which are 
very small. A displacement d of the diaphragm i normal to its surface/ of 
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the order of lum results in a variation of approximately 1% in the level of 
light detected by the photodetector 7. The electrical signal from the 
photodetector 7 is passed through a filter Br anplif led by an amplifier 9 and 
is converted to an audio signal at a speaker 10. 

The lens 5 and diaphragm 1 are located within a transceiver at the 
remote station/ while a light source (not shown) t the beam splitter 3 and the 
signal processing electronics are located in a main station transceiver. 
Ihe light soiree can be a laser or a laser diode. A laser diode with a power 
output of the order of litW is suitable. It will be obvious that any 
microphone which converts sound signals to optical signals can. be used. 

Figure 2 shows the variations in voltage outputs for the system in 
Figure 1 for changes in pressure at the diaphragm 1. Graph (a) shows the 
pressure changes at D causing the diaphragm 1 to vibrate in response to a sound 
signal P(t) . The variation in the voltage output from the detector 7 at P 
about themean level <V>* the voltage signal from the unmodulated light beamr 
is a direct analogue of the sound: signal at D and is shown in graph (b) . The 
output at P is. filtered by the filter 8 to remove the base voltage signal <V> 
and gives an output at F as shown in Graph, (c) . This signal is then amplified 
and converted to sound. 

Figure 3 shows the basic elements of a single channel of a downlink 
which transmits information to the remote station in the form of combinations 
of colour-coded light signals. Such a downlink is of particular use where 
the remote station is in a very noisy environment such that hearing the output 
of an acoustic earphone is very difficult. A single channel can be provided 
for Morse code or other similar signalling or a simple code of two or more 
coloured light signals can be used. A versatile but still very simple 
version has 3 coloured lights of red, yellow and green respectively. In the 
signalling downlink/ a beam of light 11 from a super luminescent LED 12 is 
collimated by a low f/number (ie about 0.8) , collimatingf aspheric lens 13. 
The coll imated beam of light is then coupled into the optical fibre 14 by means 
of an P/2.8 achromatic lens 15. 

At the remote station end the fibre 14 is ferrule terminated 16 and 
the light is transmitted into a side face of a right angle prism 17. The beam 
is reflected from the hypotenuse face of the prism 17 onto its other side face 
which has a lightly diffusing surface 18 where it can be viewed. 
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Mechanical shutters 20 are interposed between the lenses 13 and 15 to 
shut off the beams 11. Each shutter 20 on the respective channels of the 
downlink can be used to set the required light signal combination. 

The light beam 11 passes through a beam splitter 21 before passing 
through the optical fibre 14. This reflects- some of the transmitted light 
onto a diffuser 22 which can be viewed by an operator 23. In this way the 
operator 23 can check the transmitted signal. 

The LED 12 can be coloured if required or the light can be passed 
through a coloured filter (not dicwn) to provide a coloured light signal. 
Another system which is not shewn in the drawings would be for a single light 
source to be split into 2 or more beams which are then passed through coloured 
filters to provide coloured light signals. 

Figure 4 shows the configuration of the whole canramication system. 
The uplink (Fig 1) and downlink (Fig 2) light sources, optics and signal 
processing electronics are included in a main station transceiver unit with 
optical fibres connected to a remote station transceiver unit. The main 
station transceiver unit has three main functions: . 

1) the supply and coding of a light display for a visual downlink/ or 

the supply of a speech modulated light source for an acoustic 

downlink; . 

* 2) the supply of a light source for the uplink microphone; 
3) the detection of the intensity modulated light signal derived 
from the microphone diaphragm and its conversion to an audio signal. 
This is carried out by the signal processing electronics. The 
remainder of the electronics drive the LEDs* lasers, laser diodes or 
other light sources as required. 

In the uplink (Fig 1) a laser light source 24 provides the beam of 
light 2 which is passed through the beam splitter 3. From the beam splitter 3 
part of the beam 2 is transmitted down an optical fibre 25 by means of an 
optical coupling unit 26. The fibre 25 is connected by a connector 27 at the 
renote station to a microphone unit 28* The microphone unit 28 contains the 
focussing lens 5r focussing the received light beam 2 on to the diaphragm 1 as 
shown in Fig 1. The modulated beam reflected from the diaphragm 1 is 
transmitted back to the main transceiver unit through the optical fibre 25 and 
is passed together with the unmodulated portion of the beam 32/ to the light 



WO 88/03730 




PCT/GB87/00774 



8 



sensitive detector 7 where the optical signal is converted to an electrical 
one. The electrical signal is then passed through a filter 8 and ariplif ier 9 
and is converted to an audio signal by a speaker 10. • 

• CoOTiunicat ion from the main station to the remote station is by means 
of a three channel downlink/ one channel of which is shown in Figure 3. Three 
light sources 12 provide beams of light 11 which are then transmitted or shut 
off by a signal coding unit 29 to provide a coded light combination signal to 
the remote station* The signal coding, can be achieved by means of mechanical 
shutters as shorn in Fig. 3. Alternatively the light sources could be 
switched on and off as required. When the signal is changed its 
noticeability is increased if the light is flashed. This can be done by 
momentarily increasing the intensity by opening and closing the shutter or by 
an appropriate switching waveform applied to the light sources. A 
connection 33 from the signal coding unit 29 can be used to activate 
electronic switching (not shown) to flash the light source 12 when the shutter 
20 (Fig. 3) is opened. Each beam 11 is passed down a respective optical 
fibre 30 to the remote station via the connector 27 . The light combination is 
- .- displayed on a light display unit 31 which is visible at the remote station. . 

Thus cannunication can be .carried out between a main station and a 
remote station where the system at the remote station is totally optical and 
no electrical or magnetic signals occur. 

If a-voice downlink is required a photophone earpiece can be used to 
convert optical signals to sound. The light beam shines onto an absorber 
medium which produces movement of a diaphragm and hence an acoustic signal. 
Such a photophone earpiece has been described by Bell Laboratories. The 
photophone earpiece uses charred cotton fibre as the absorber medium and a 
laser light source is used to drive the photophone. This may be a Beliuro- 
Neon laser, or an Argon-ion laserr but is preferably a laser diode. 

In situations where low magnetic and/or electrical signals are 
acceptable an opto-electricalracoustic earpiece can be used to convert the 
optical signals to sound at the remote station. Two alternative downlink 
systems are suitable for use. In the first, a laser beam transmitted from 
the main station down an optical fibre drives a laser diode at. the remote 
station end. Speaking into the microphone at the main station creates an 
electrical signal which is used to modulate the light beam which drives the 
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laser diode. This produces a very low electrical signal which drives a 
transducer so that the sound can be heard. The second system uses less laser 
power at the main station and needs a battery power source at the transducer. 
Because of this, it is not suitable for underwater use, but is useful for 
surface applications. 

A photocell which converts light to emf can be r used in an opto- 
electrical earpiece in either of these systems. Ihe systems consist of a 
source of speech-modulated light which is transmitted by means of an optical 
fibre to the opto-electrical earpiece unit. This comprises a conventional 
electrical earpiece connected to a photodetector to convert light to emf. Ihe 
photocell may be a silicon photodiode. Ihe most appropriate operating 
condition of such a diode is photoamperic operation, and a passive system 
without an amplifier is preferable. 

Ihe system can provide secure or safe communicationsr as it 
incorporates a totally optical solution at the remote station. For use in 
diving applications, the use of optical fibres increases the information 
carrying capacity of the cables thus saving on size and weight. Optical 
systems have good noise immunity from other signals and are secure from 
outside interference and interception. 
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CLAIMS 

_ 1. A two-way optical conrnunications system including: 

a) a downlink for transmission from a main station to a remote 
station;, and 

b) an uplink for transmission from the remote station to the main 
station; 

wherein the downlink comprises at least one optical source 12 at the 
main station to provide a light beamllr means 29 to modulate the light beam 11 
with a signal* an optical fibre 30 for transmission of each modulated light 
beam 11 from the main station to the remote station/ and means 31 to display 
the signal carried by the light beam 11 at the remote station; and 

the uplink comprises at least one light source 24 at the main station 
for providing a light beam 2/ an optical fibre 25 for transmission of the light 
beam 2 from the main station to the remote station* modulation means at the 
remote station consisting of transducer means 28 responsive to an acoustic 
signal for modulating the light beam 2, means to transmit the modulated light 
beam via the same or a second optical fibre 25 back to the main station/ signal 
processing means 7 at the main station to compare the modulated light beam 
with the unmodulated- light beam and to decode the signal carried by the 
modulated light/ and means 10 to display the signal. 

2. Ah optical communications system according to claim 1 wherein the means 
10 to display the uplink signal at the main station comprises means to 
reproduce the signal acoustically or in some other suitable form. 

3. An optical-communications system according to claim 1 or claim 2 wherein 
the transducer means 28 at the remote station comprises an optical 
microphone. 

4. An optical communications system according to claim 3 wherein the 
optical microphone 28 comprises a light-intensity modulating diaphragm 1 
arranged such that the unmodulated input light beam is focussed in the plane 
of the diaphragm 1 by a lens 5. 
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5. An optical communications system according to claim 4 wherein the 
diaphragm 1 is reflective. 

6. An optical communications system according to claim 3 wherein the 
optical microphone 28 includes two optical fibres placed end to end and 
arranged such that changes in the alignment of the fibres modulate the input 
light beam. 

7 . An optical communications system according to any one of the previous 
claims wherein the downlink includes an opto-acoustic transducer at the 
remote station to convert the modulated optical signal sent from the main 
station into sound. 

8. An optical communications system according to claim 7 wherein the opto- 
acoustic transducer is a photophone earpiece. 

9. An optical communications system according to any one of claims 1 to 6 
wherein the downlink comprises a signalling system of lights. 

10. An optical communications system according to claim 9 wherein the 
signalling system comprises one or more light sources 12 at the main station 
unit each connected via respective optical fibre cables 30 to the remote 
station. 

11. An optical communications system according to claim 9 or claim 10 
wherein the information is transmitted to the remote station in the form of 
colour coded light signals? singly or in combination. 

12. An optical communications system according to claim 11 wherein the 
lights 12 are flashed on change of signal. 



13. An optical communications system according to any one of claims 1 to 6 
wherein the downlink includes an opto-electrical-acoustic earphone to 
convert optical signals to sound. 



WO 88/03730 



^ PCT/GB87/00774 

12 



14. An optical communications system according to any one of claims I to 6 
wherein the downlink includes means for conversion of the optical signal to 
sound at the remote station which uses opto-acoustic induction in helium, 

15. An optical coniminications systaia according to any one of the previous 
Claims wherein the system. configuration is such. that the downlink and uplink 
light beams are transmitted to and from the renote station by means of a fibre 
optic cable having an appropriate number of. optical fibres at its core. 
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